MATERIALS AND METHODS
With S-Nerve (SonoSite Inc., Bothell, WA, USA) and a linear probe (HFL 38x, 13-6 MHz), a 22-gauge needle (PlexuFix; BBraun, Melsungen AG, Germany) was inserted into a boneless pork shoulder, as it is a clear visualised anatomical structure comparable to human tissue 3, 4 (10×10×20 cm), ten times per condition using the in-plane technique while avoiding previous tracks. The needle insertion angle was defined relative to the skin/transducer surface. The needle positions were at angles of zero, 30, 45 and 60 degrees, and 1, 2, 3 and 4 cm in-depth from the probe. We used a probe holder for fixation and a needle guide kit (Infiniti, CIVCO, IA, USA) for all angles except zero degrees.
The examination type on the S-Nerve was set to nerve mode. The ultrasound procedure was performed without adjusting the gain or other configurations after start-up. The image of the needle was recorded in all SUMMARy The ultrasound software package Enhanced Needle Visualization (ENV) has been reported to provide improved ultrasound imaging of needles even at steep insertion angles. ENV has three settings: shallow, medium and steep. However, the angles are unknown. We examined the advantages and indications of ENV in an in vitro study. A 22-gauge needle was inserted into pork meat using the in-plane technique. The needle was positioned at zero, 30, 45 and 60 degree angles, and 1, 2, 3 and 4 cm in-depth from the probe. The ultrasound visibility in each ENV setting was objectively evaluated and graded as 'not visible', 'poor', 'visible', 'good' and 'excellent' in ascending order. At zero degrees we found no advantage of ENV. At 30 degrees, the needle exhibited better visibility with 'good' or above grade in the shallow setting at all depths and in the medium setting at depths of 1, 2 and 3 cm than in the off position. At 45 degrees, needle visibility significantly increased from 'not visible' in the off position to 'visible' or above in the steep settings at depths of 1, 2 and 3 cm. At 60 degrees the objective visibility was 'not visible' in the off position and significantly increased to 'poor' in the steep setting. We recommend selecting the shallow setting for needles with an insertion angle of 30 degrees and the steep setting for 45 degrees within the advantageous area. This technique may allow safer ultrasound procedures for various unprecedented approaches. four settings (three ENV settings and off position) for every needle placement. We placed the needle into the pork meat 160 times (4×4×10) and recorded 640 images. The site of interest was the needle shaft.
EnhancEd NEEdlE Visualization

ULTRASOUND VISIBILITy
In an ultrasound image, the background is likely delineated as grey or black and the needle is almost white. According to and modifying the previous study 
STATISTICAL AnALYSIS
The Kruskal-Wallis test was used for multivariate analysis using StatView (Version 4.54; SAS Institute Inc., Cary, nC, USA). P <0.05 was considered significant. data are presented as mean ± standard deviation. No power calculation was performed as this was an exploratory study.
RESULTS
The sample images in ENV settings are shown in Figures 2A-2D . The study results are presented in Table 1 . The objective visibility tended to decrease with increasing depth and angle in all ENV settings.
At zero degrees
There were no differences between the four settings and the visibility grade was 'visible' or above at any depth.
At 30 degrees
The needle exhibited better visibility with 'good' or above in the shallow setting at all depths and in the medium setting at depths of 1, 2 and 3 cm than in the off position.
At 45 degrees
needle visibility significantly increased from 'not visible' in the off position to 'visible' or above in the medium and the steep settings at depths of 1, 2 and 3 cm. The objective visibility in the steep settings was significantly higher when compared to those in the medium settings at depths of 1, 2 and 3 cm.
At 60 degrees
The objective visibility was 'not visible' in the off position and significantly increased to 'poor' in the steep setting. We could not obtain valid data in the other conditions (at 45 degrees and at 4 cm depth, and at 60 degrees and at 3 and 4 cm depths) due to the poor visibility.
The combinations of ENV settings and needle positions with a minimum evaluation of 'visible' are shown in Table 2 . dISCUSSIOn Although the precise angle of the additional beam in each ENV setting is unknown, the oblique dotted line in ENV implies that the angle is probably parallel to the line (Figures 2B-2D ). The angle of the line in the shallow, medium and steep settings is approximately 66, 57 and 50 degrees respectively. In theory, the brightest needle image is obtained when the ultrasound beam reflects perpendicularly to the needle [1] [2] [3] . Therefore, the optimal insertion angle for each ENV setting may be considered as 24, 33 and 40 degrees respectively. In this study the needle visibility was enhanced with particular combinations of ENV settings and needle angles to some degree of depth. The results of this study seem consistent with the needle angle presumption mentioned above.
The ultrasound visibility in the off position tended to decrease with the increasing angle in the same manner as the previous studies 5, 6 and, to our knowledge, this is the first paper reporting that the visibility tended to decrease also with increasing depth with or without ENV. Before inserting a needle, we should first define the needle positions at which a minimum of 'visible' grade is available and then advance a needle within the area. ENV expands the advantageous area when optimal settings are selected.
Ultrasound-guided interscalene brachial plexus block is commonly performed using the in-plane, lateral/posterior approach. despite the long distance trace and the risk of long thoracic and dorsal scapular nerve injury 7 , this technique is preferred because the shallow needle insertion angle aids in bright delineation of the needle. We achieved an ideal approach for this blockade with ENV. The needle was inserted just beside each nerve of the plexus with enough visibility at the shortest distance from the skin, while avoiding the risk of nerve injury ( Figure  3 ). This technology can also be applied to other nerve blocks, perhaps using a brand new approach with satisfactory visibility.
There are some limitations to this study. Ultrasound images can greatly vary with the ultrasound device and its configuration 8 . S-Nerve may be one of the most popular machines and we believe that the results of this study have universal application. We should focus more on the visibility of the needle tip than that of the shaft, because the tip is the part of the needle that will provide either therapeutic benefit or harm 9 . However, there are many variations in the shape of the needle tip and it is difficult to objectively establish the ultrasound visibility of this part. Also, as we performed no power calculation, the findings must be considered as observations only.
In conclusion, we recommend selecting the shallow setting for needles with an approximate insertion angle of 30 degrees and the steep setting for 45 degrees within the advantageous area. We found no benefit at zero degrees and no detriment at any angles in regard to echogenicity by the use of ENV. Even with ENV, it is difficult to obtain enough visibility at 60 degrees. This technique may allow safer ultrasound procedures for various unprecedented approaches. 
